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INTRODUCTION

Boston College, in its investigation of the seismic
effects of rocket launchings on structures in the immediate

environment, is analyzing data taken during a Titan IIT-D

launch at Vandenberg AFB in March 1979. The work reported

herein deals with the svectral form of the induced surface

pressure. A theoretical model is fitted to the power spectral

density of the observed pressure at various times during

launch. The results are presented along with tests of their

validity.
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CHARACTERIZING PRESSURE SPECTRA

The data are contained on a file (LAUNC2.MNR) which
begins 1.64 seconds before ignition and continues for
61.44 seconds at 100 samples per second on each of 16
channels. The array of instruments corresponding to these
channels is shown in Fig. 1. For this revort only the
pressure sensor on channel 10 which is 950 feet from the
launch point was used.

To obtain estimates of the power spectral density at
a given time after ignition 256 samples were read in
beginning at that time. These samples had been digitized
at 204.8 counts per volt. The power spectra were conmputed
by the periodogram technique empéoying on FFT algorithm.
This periodogram is such that %-E x;= ? Sk'

i=1 k=1

It was found that the noise caused by the system and
ambient pressure fluctuations was white and assumed to be
additive above the quantization level. 1t was estimated
by averaginag 20 periodograms starting 1 minute before launch
and found to average 9.37(10-8) volts2 per cell (Fig. 2).
This was subtracted from the rocket spectra to yield our
best estimate of rocket induced surface pressure observed
through our system. To convert these spectra to the spectra

of the pressure appearing at the input, they were divided

by the squared magnitude of the system response (Fig. 3).

. out
1n=Sk

That is Sk

. These were scaled by 1/4f at Ohz and

HZ
k

the Nyquist frequency and 2/Af elsewhere so the resultant
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power spectral density when integrated by trapezoidal rule

from Ohz to the Nyquist frequency equals the mean square of
the input. However since the value at Ohz is dependent on
amplifier drift its value is discarded and to reduce contamina-
tion from errors in our estimate of system behavior near the
Nyquist frequency only frequencies less than 40hz were
considered.

From physical considerations (1) and experimental studies
f2) it is believed that the power spectral density of the
surface pressure caused by undeflected chemical rocket plumes

is of the form:

p(w)=2 _Mmax W ?91_2
L W0 WO W
P £, -2
or P(H)=2 22 {f +2)
o Fo

It was desired to obtain values of P, and fo which minimized
the sum of the squared differences between the observed power
spectral density and the theoretical as described by the above
equation. To find the sum of squared errors over the range

of the power spectral density:
129 5
E= L (P'-P(fk))
k=1 k

where Pi is our estimate of the kth value of the power spectral

density and fk=100(k—1}/256 which is the frequency represented

by the kP

values of the power spectral density.
For reasons already stated the full range of the power

spectral density was not to be used so the limits of the
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summation were changed accordingly.
103 2
E= (PQ-P(fk))
k=2
Rather than finding both PO and fo by trial and error

the derivative of E with respect to P, is taken and set to

"0
zero that is where the extremal would be found.
103 4p_ £, £ =2 £, £ -2
0= 1 200 -2 Ty (2 (D)
0 k=2 0 "0 "k 0 "k
103 £, £, =2
7f, I P! (el
0 ~“."k'E £
P =7 k=2 0 "k
0 103 fk fo -4
L CE .
k=2 "0 "k

So for any value of fo the value of PO which insures minimum
error in the least square sense is uniquely determined.

To find the value of f0 which yields the smallest E
(the ‘'best’ fO) an iteration scheme was devised. The initial
search interval has f2 and f103 as its endpoints in the belief
that fo lies between them. Five tri:l values of fo are con-
sidered starting with the low endpoint of the search interval
and increasing in equal steps to the high endpoint. For each
trial value of fo, PO and E are computed by the formulae above
and the best fO selected. A new search interval is defined
with endpoints equal to the trial values adjacent to the best
fo during previous search and a new estimate of the best f0
found. The process is repeated until fo is determined to

within the limits of the computer's accuracy. In this case

single precision yields about seven significant digits.




The resultant fo and PO were used to generate plots
which show power spectral density based on observed values
and theoretical values vs. normalized frequency, f/fo.
Table I shows fo and P0 for each segment.
In order to compare average observed power with theoretical

powver the theoretical power spectral density was integrated

from - to «,

o P o £, -2
- r —_4__0_ { = ._.9
Pt-_wJ P(f)df—ﬂ fo_m, (f +e y df
0
4 © f2
== P,.f s df
T 070__ (f2+f2)
0
PPofo -t Tay LA e @
- M £ i © o
T (f +f0)_w (£ +f0)
_Pofy e 2Py m
TR -l T3 A () =2R (3)
(f£ +f0) 0
-9
The observed power (4. I Pé) and theoretical power are contained
k=1
in Table I.
VALIDATION

Although the theoretical curves do not appear to closely
fit the observed spectra it is known that the use of the
periodogram with a large number of samples to estimate the
spectrum produces results which fluctuate wildly (4). It
was desired to test whether these fluctuations fall within

expected limits when the thecretical power spectral density
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is assumed true.

Oppenheim and Schafer (4) show the development of an

expression for the variance of the estimated Pé 's for a

white Gaussian process and Hinich and Clay (5) state that

the result is a good approximation for a wide variety of

random processes. They state that the variance (02) of the

spectrum is approximately equal to its magnitude squared.

2
or Gk 1 M (Pn(m)_'ﬁ‘}vc)z
M

— z k
2 M -
103 of
A figure of merit is defined as b
102 k=2 prl
"k

which with M=1 and P! assumed equal to ®(f,) becomes

k

1 13 (prep(g))?
102 i X
k=2

2
P (fk)

This guantity which should be approximately 1 is contained in

Table I. In addition as has been stated in (5), for large N

2 pk follows a chi-squared distribution with 2 degrees of

P(fk)
freedomn.

As an additional test of the validity of the fit this

oD . .
For each value of Ak=“‘k i1ts cumulative

criteria was used.
P(fk)

relative frequency was computed.
a = estirmated probability that Aj<x.

6
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The chi-squaredudistribution for 2 degrees of freedom is

oy Z
a=k S -Zax=1-e
0 2 (6).

Therefore p=-2in(l-a)

and u ==2&n(l-a_)
X X

For a good fit My should be approximately eaual to x.

x has been plotted vs. u

RESULTS

Results are presented in Table I and plots which are

figure 4 through 12.

(points only) and fitted theoretical curves (solid lines).

Plots (b) are A

‘observed test statistic' and

respectiv-ly.

value or Ay although this point cannot be plotted since its

corresponding theoretical value is infinitely large.

for the 2 degree of freedom chi-squared distribution.

solid line represents Ak=ux.

above the line it means we had larger values than we should

have expected.

thar expected.

CONCLUSIONS

In order to determine bounds on the fiqure of merit for

acceptable fits simulated data was used.

% for each segment.

Plots (a) are of the observed spectra
x VS. M, as previously defined and labelled

*theoretic¢al test statistic!

The vertical axis is scaled to fit the maximum

When the observed points lie

When they lie below it means they are smaller

A random number

The
horizontal axis stons at 9.25 which is the 99th percentile

The
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subroutine was used to produce normally distributed variables.
For each group of 256 numbers the FFT was taken and the
magnitude multiplied by the square root of P(f) for a set
value of Py and fo. "he inverse transform was taken and

the result multivlied by a decaying exponential which modelled
the envelope of the rocket data. Two hundred similarly
produced groups of 256 variables were fitted with the
theoretical power spectral density curve and statistics of
the figures of merit accumulated.

The figures of merit for this simulation were found to
have a mean of 1.07 and a standard deviation of .35. The
minimum value obhtained was .57 and the maximum was 2.98.

It was decided to accept the fitted data if its figure of
rmerit fell within these extrema.

The first fit, which began 3.83 seconds after ignition,
nroduced a figure of merit of 214.6. This fit is rejected.
It is believed that this early in the launch the plume was
not undeflected and the theoretical curve does not apply.
Figures of merit for subsequent fits fell within extrema
criterion and these fits are accepted.

It was found that when fo was low (equal to 2.8 hz)
the chi-squared test plot, while a straight line, lay above
the Ak=ux line, as happened on a number of the fitted segments,
and the estimated value of fo was high (3.2hz). Evidently
out estimates while acceptable according to the figure of

meri: criterion are hiased toward the high frequencies.
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APPENDIX

Listina of computer program follows
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= FOPRAN IV Vo2 .. 4 Fri J9-Nov-79 04: 000 DROE G
.
= - ar PROGRAM POWERA
& C THIS IS POWER2 WITH MUCH OF THE OUTPUT LEFT 2UT.
= o LTNX THIS WITH PLLIB23 FOR PLOTTING.
= c LINK WITH MISC FOR HTSTOGRAM AND ASSOCIATED DATA TABLES,
= C DATMIN AND DATMAX FUNCTIONS, AND SEARCH SUBROUTTNE.
- C LINK WITH FFTSUB FOR FAST FOURTER TRANSFORM SUBRAUTINES,
- C
Z C
- 3202 DIMENSTON WORK(162), PTHEOR(308), ASCALF (9), IN(27), UAMY (265",
o + CONV (1(3), NSKIP(12), RESID(182), AJUNK (25), PayLT(”)
£ : + STATS (L02), THSTAT(142), DAT(}),VARPLT (1¢( ), Qe PLT (1.
3 (133 LOGICAL*l LABEL{5)
: 3364 COMMON PI, W(3d9), PPRIME (256)
- 305 DATA P1/3.1415925535%98/
= TAAG DATA ASCALE/175,9,121,4,2084.8,171.4,293.9,153.9,152.4,2¢4,,29%,2/
2 apn7 NATA NSKIP/4,235,391,547,733,859,1915,1171,1727,1483,16721, 1795,
= WHITES DATA PYYLT/.575,1.,2.,2.773/
- C
= a9 TYPE 14
- 231818 FORMAT ( ' TYPE DATA FILE NAME:' /)
= full CALL ASSIGN (1, ' ', -1, 'RDO')
3 #al2 DEFINE FILE 1 (5144, 29, U, INDEX)
3 N CALL ASSIGN (2, 'DK:VF2PRS.DAT',13,'R0O0O')
= 7¢14 DEFINE FILE 2 (257,6,U,JNDEX)
=] $A15 TYPE 15
aols 15 FORMAT (' TYPE FILE NAME FOR QUTPUT OF RESIDUALS AND THEORETICAL'
+ / ' VALUES:' /)
8017 CALL ASSIGN(3,' ',~1)
9215 DEFINE FILE 3 (162,54,U,KNDEX)

Fal

- 1019 DELTAF = 106,/254,

2 2220 RNOYZ = ,0935E-7

& c

& a2l JNDEX = 1

E 0722 no 24 1=1,103

2 3623 READ (2°'JNDEX)XXX,CONV(I),YYY

2 U246 20 JNDEX = JNDEX + 1

= c

= 1,25 TYPE *, 'CHANNEL NUMBER = ?'
o25 ACCEPT*, 1CHAN
327 TYPE *, 'TSTART = ?°

ACCEPT*,ISTART

CALL DATE (DAT)

T30 DO 1439 ISKIP = ISTART, 12

PRINT 25, DAT

FORMAT (" *****CHANNEL ',

13, 1@X,

iy 25 FORMAT (' PROGRAM POWER4'10X,3A4, //

+ ' FILES USED: '13X'LAUNC2.,MNR [NPYUT'/

+ 25X'VF2PRS.DAT INPUT' / 25X'DATA.LC?2 oyrteur' /7
a333 PRINT 328, ICHAN, NSKIP(ISKIP), RNOYZ/DELTAF
1.3

[5, ' OBSERVATIONS SKIPPEO.'

R

—

b

S




vaz, 44 Fri ¢9~Nov-79 G0:¢9:40 PAGE {312

' NOISE SUBTRACTED =',1PEll.4)

- ¢ READ IN NEW OBSERVED DATA
- ¢
% 13135 INDEX = NSKIP (ISKIP) + 1
5 4n3% DO 56 1=1,255
- RY DUMMY (1) = 9,
¥ (125 READ (1'INDEX)IN
= 2u39 5@ PPRIME (I) = IN(ICHAN)/ASCALE (ICHAN-7)
= ~
” SUBROUTINE FFTFP CONVERTS ARRAY DATA INTO SPECTRUM
o T4 CALL FFTFP (PPRIME,DUMMY,255,2,0)
+ I
3 c CONVERT SPECTRUM INTO PSD (PPRIME ARRAY). DROP FIRST POINT.
| C GENERATE FREQUENCY AND CONVERT TO OMEGA (W ARRAY).
| oy
1 o ™F END OF THE LOOP IS 102 INSTEAD OF 128, SO THAT THE “AXIMUM
= IS FRENQUENCY TS NOW 40 HZ, INSTEAD OF 50 HZ.
- ANV SUv = 4,
= E T nn 54 I=1,192
ATy PPRIME (1 )=2.* (PPRIME (I1+1)-RNOYZ) / (DELTAF*CONV (T+1 )*CONV (T+1))
eV IF(PPRIME (1) .LE. 9.)PRINT 58,FLOAT (T)*DELTAF,PPRIME ([}
A0AR 80 FORMAT (' *** kX ARNING AT', FS5.1,"' HZ DSI**2/HZ =',Gl11.4)
AT PSUYM = PSUM + PPRIME (I)
Ag o oan W(T) = FLOAT(I) * DELTAF
I
D40 IF(ISTART .ME. ISKIP)} GOTO 75
LS YNDEX = 1
252 N 70 T=1, 102
A READ (2'KNDEX)AJUNK
i Jna AJUNK (25) = W(I)
£ AL E] KNDEX = KNDEX -
B IR LRSI “RTITE (3 'KNDEX)AJUNK
?g - FYNN THE TRIAL FREQUENCY THAT GENERATES THEORETICAL VALUES THAT
- o BEAT YATCH TUE OBSERVED VALUES (CRITERION: LEAST SUM OF SDOUARED
e o ERRDRS). STORE ANSWER IN WO. STORE ASSOCIATED BEST P IN P2.
he
7 ~ALL SEARZH (WO,SSE,a,0,W(1),w(192),0.,7,WORK,PPRIME, 142,, 0.
7.,5%.,'TRIAL FREQUENCY',15,VARPLT,SSEPLT, 103)
DY = PNOT(WO)
USING THE ESTIMATES OF P AND W, CALCULATE THE CURVE (PTHENR).
THEN CALCULATE THE RESTDUALS AND THE FIGURE OF “ERIT (DOLLY)

CALL FUNCT (W0O,PTHEOR)
RESBAR = 0,
DOLLY = o,
D 8%9 1=1,162

RESID(I) = PPRIME (L) - PTHEOR(I)

RESBAR = RESBAR + ABS(RESID(I))

DOLLY = DOLLY + (RESID(T)/PTHEOR(I))**2
KESRAR = RESBAR/102.
Dol = DOLLY/102,
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FIRTRAN IV

aAOn

575

AN OO0 0

= M

..
-

ccC

CCHY

514

25

113

+ ! ({2
b 5X 'REGIDUAL'"Y)
14

Vii2.04 Fri 89-Nov~79 #0:008:060

PRINTOUT RESULTS

PRINT 575, W@, P@, SSE, DELTAF*PSUM, 2.*Pa, RESBAR, NDOLLY
FORMAT (///' F-NOT ESTIMATE (HZ)', T22, 1PRIS5.7 /

+ ' P OESTIMATE', 'T32, 1PE15,7 /

* P SuM OF SOUARED ERRORS (SSE)', T332, 1PEISG.7 V4
+ ' TOTAL ORSERVED POWER', T32, 1?515.7 /

v ' TOTAL THAEORETICAL PQQFP' T32, 1PE1S,7 /

F ' BVERAGE ABSOLUTE RESID"AL', T2, 1PEIS.7 o

. '

FIGURE OF MERIT',T32,1PEYS.7, //// )

FRINTOUT RESIDUALS AND THEORETICAL VALUES WITH FREDUERTY,
STORE THEM IN DATA FILE 13,

THE FOLLOWING PRINTOUT IS OPTIONAL
RINT 542

F“ IMAT (' FRED THEORETICAL', 27 29X 'FREQ THEORETIOAL!
PST**2 /HZ' 5X 'RESIDUAL', 2{1AX '(um

no o399 1=1,

PRINT 618
FORMAT (1X,FS
PRINT 525
FORMAT ('1°)
XKNDEX = 1
no 554 1=1,192

READ (2 "KNDEX)AJUNK

LDEX = TSKIP*2 - 1

AJUNK (LDEX) = PTHEOR(I)

AJUNK (LDEX + 1) = RESID(I)

KNDEX = XNDEX - 1

WRTTE {3 "KNDEX)AJUNK

X3 h)

A (W{J),PTHEOR{J) ,RESID(]}),J=1,
£.2, 2(5%,1PE9.2),8P, 2(15X, F5.2

{
A
o
FA

PLOT PPRIME {(IBSERED) VS PTHEOR({THENRETICAL)
INCLUDE 4 COMPARISON LINES:

DAGE (13

wad

1) ( .575 * PTHEDR) V5 PTHEOR
2) \-.?ug * PTHEQR) VS PTHEGR
3) (2.868 * PTHEOR) VS PTHEOR
4) (2.77% * PTHEOR) V5 PTHEOR

PLOTTING INFN:

PTMIN = A™IN] (PTHEOR({1),PTHEOR(162))
PPYIN = DATMIN (PPRIME, 182}

YA IN

d = AMIN] (BPMI N,.S‘?P“IN)
PTMAX = DATMAX({PTHEOR, 132)

= DATMAX (PPRIME, 182)
YMAX = AMAX1 (PPMAX,2.773*PTMAX)
DELTAY = (YMAX - YMIN)/6.
NELTAX = (PTMAX - PTMIN)/7.
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FORTRAN 1V

BRISALS!

thift i
A I
LRI
e
TR IN AN
s

AR )
REEL I
LAk
HENE

LN B A R
pron

g

R

—

d1ah

[ RNY!

VY o4 Fri 09=Noy=-79 {0 00 a0

TS eLOT b SKIPPED,
CALL
CALL

CALL

PLOTH(G)
PLOT (1., -G, 3)

CALL AXIST (0., 0, , " PHEORBTICAL PST#*r2/N7", =21, "., 0., PTAIN, DELTAX)
CALL AXISL(7,,0,, "OBSERYED PUTR*R/HZ', -18,6.,90, , YMIN, DIEETAY?
CALL LINE (OTUHEOR, PIMIN, DELCTAX, PPRIME, YMIN, DELTAY, 107, 1,

PLOYT CPHE 3 SOMPARTSON LINES

RIS T RS

CALL PLOT {0, , (PMULT (T )*PTMIN
CALL PLOT (7., (PMULT (1) *PTMAX -
PRINT 625

- YMIN)/DELTAY, 3)
YMIN)/DELTAY, 2)

CALCULATE AND PLOT TEST STATISTICS VS FREQUENCY

1)

[

-
»

2LRPPRIME (1) /PTHROR (1)

120ty
STATS (1)

APTIONAL PLOT

GIYPY 1Y
CALL DOPLOT (7., 6, ,W,STATS, 182, 'FREQUENCY (M2) ', 14,
ORSERVED TEST STATISTICS!, 24, -1, %' 1, 1)

PRINY

nth

AT TONAL HESTOORANM OF TEST STATISTICS

CALL HEST (7, ,6,.0, "ORRERVED TEST STATISTICS', 24, STATS, 112,06,1,0)

ARDER DATA  (NOT NRCESSARY UF HIST WAS USED):

Do iy =1, T
=

MIN

(TG TR 3 IS [0 (R 4 )
TE(STATH ) (L. STATS (MIN)) MIN = 0
CONTINUE
Bo= STPATH (1)
STATS (L) = OTATS (MIN)
WPATS (MIN) 2 8§
CALCULATE THRORETICAL TEST STATEOTIC S RASED ON INVERSE

SHEOSODARE DISTRIBUTION,
THES 18 DONE FOR THE  FIRST
TUEORKTICAL VALUR FOR THE

101
LAST

OF The THE

FOINT I8

102 PUINTS;
INFINTTH,
Ny FA0 -1, 100
ORGPRIB = L
INTES MU R

102,
S ORALDG (v, -OBRSPRBY
Py

THEORETTCAL WV ORSLRVED VALULG.,

o

PAGE

iR

AXLSL(2,,0,, "OBSERVED DS AA? Zh ' 18,6, ,90,, Y 1N, DELTAY)

-1,

lz.l)

s

G

T e

T

i

i

i

!
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115
wll9
2124
a121
H122
23
nij24

#3325
G126
3127
P28

06129
4130
0131
4132
#4133
a1734
2135

11136
137
1138
#1139
#1406
4141

nYraz

f14a
#LAaS

4145
5147
ni48
1149
#5159
g151
0152
8162

.Bi54
9155
185
4157

A158

FORTRAN IV

SN KO RE NP

775

vz, 44 Fri 99-Nov-79 00:00: 00 PAGE 505

DELTAY = AMAXL (STATS (102),THSTAT (1al)) /6.

DELTAX = THSTAT (101)/7.,

CALL PLOTS/5)

CALL RED

CALL PLOT(l.,-5.5,-3)

CALL AXIS1l(#.,%.,"'OBSERVED TEST STATISTICS',?24,5,,90.,¢.,PELTAY)

CALL AXIS1(0.,9.,'THEORETICAL TEST STATISTICS',-27,7.,9.,0U.,
DELTAX)

CALL AXIS1(7.,0.,'0OBSERVED TEST STATISTICS',-24,6.,9¢,,64.,DELPAY)

CALL LTNE (THSTAT,@.,DELTAX,STATS, ¢.,DELTAY,101,1,-1,'*")

CALL PLOT{ THSTAT(1)/DELTAX , THSTAT(1)/DELTAY ,3)

CALL PLOT( THETAT(181)/DELTAX , THSTAT(181)/DELTAY ,?)

MGKTP EQUALS SECONDS*1049 PASSED

TIME = FLOAT (NSKTP{ISKIP))/1080A4, - 1,64

ENCODE {A,759,LABEL (1))TIME

FORMAT (F4,2)

CALL SYMBOL {l.,6.,0, 'CHANNEL 192',0.,1a)

CALL SYMBOL (3.,6.,,0,LABEL,@,,5)

CALL SY4BOL (3.75,6.,0, 'SECONDS AFTER IGNITION',®,,22)

PRINY 625

THE FOLLOWING EXTEMDS THE PTHEOR AND W ARRAYS SC THAT THE
THEORETICAL CURVE IS SYMMETRIC
NPOINT = THE NUMBER OF POINTS NECESSARY FOR A SYMMETRIC CURVE.

NPOINT = 101
INDEX1 = 162
NPOINT = NPOINT + 1

W(NPOINT) = FLOAT (INDEX1)*DELTAF

PTHEOR (NPOINT) = PCURVE (W@, P@,W(NPOINT;)
INDEX]1 = INDEX1 + 14

TF(PTHEOR (NPOINT) .GT. PTHEOR(l)) GOTO 775

NOGRMALIZE W BY DIVIDING BY W@
DN 896 T=1 ,NPOINT
W(T) = W(T1)/W@

LAOG-LOG PLOT OF BOTH OBSERVED AND THEORETICAL VALUES V3
FREQUENCY,

PMIN = AMTN] (PP“IN,PTHEOR{1),PTHEOR (NPOINT))

PMAX = AMAXL (PPMAX, PTMAX)

CALL PLOTS (6)

CALL RED

CALL PLOT (l.,-6.5,-3)

CALL LAXTS(,.,0,,'PSI**2/H%2',9,6.,90.,PMAX, PMIN, POMIN, PDELTA)

CALL LAXIS (7.,@.,'PSI**2/HZ',-9,A,,908.,PMAX,PMIN, PDVIN, PDELTA)

CALL LAXTS (0.,0., 'NORMALIZED FREQUENCY',-2#,7.,0.,W(NPOINT),
W(l),WDMIN,WDELTA)

CALL LOGLOG (W,PTHEOR,NPOINT,l,WDMIN,WDELTA,PDMIN,PDELTA, U, . )

CALL LOGLOG (W,PPRIME,1G2,1,WDMIN,WDELTA,PDMIN,PDELTA,—-1,"'*")

CALL SYMBOL (l.,6.2,0,'CHANNEL 16',0.,19)

CALL SY4BOL (3.,6.2,@,LABEL,0.,6)

CALL SYMBOL (3.75,6.2,0, 'SECONDS AFTER [GNITION',%.,?22)
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FORTRAN IV

9159

Y165

2141
w162
133
U154
3145

B1Ins
01A7
B158
#1589
A174¢
$171
G172
9173
174
3175
175

0177
MR

)

oEe RSN

950

1409

Vii2 . 84 Fri 09-~Nov-79 00:00:0¢ PAGE 985

PRINT /25

GOTO 1260

CONVERT W INTO REGULAR FREQUENCY AND PLOT ABOVE CURVES ON LINEAR

AXES,

DO 95¢ I=1,1¢2
W(L) = W(IL)*Wd

YIINC
CALL
PMIN
PMAX
PINC
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

PRINT

= (W(192) - W(l))/7.

PLOT (@.,-6,.,-3)

= AMINL (PPMIN,PTMIN)

1S THE SAME AS ABOVE, SO:

= (PMAX - PMIN)/6,

AXIS1 (B.,@0.,'PSI**2/H2',9,6.,90.,EMIN,PINC)
AXIS1 (7.,0,.,'PSI**2/Hz2',-9,6.,90.,PMIN,PINC)
AXISl (#.,0.,'FREQUENCY',-9,7,,0.,W(1),WINC)
LINE (W,W(l),WINC,PTHECR,PMIN,PINC,102,1,8,'.")
LINE (W,W(l),WINC,PPRIME,PMIN,PINC,102,1,-1,"'*")
SyMBoL (l1.,6.2,¢, 'CHANNEL 16',0.,10)

syMBOL (3.,6.2,0,LABEL,0.,8)

SYMBOL (3.75,6.2,0, 'SECONDS AFTER IGNITION',0.,22)
5325

CALL CLOSE (5)

STOP
END

38
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FORTRAN 1V Vaz. 04 Fri #9-Nov-79 04:00: 60 PAGE 701

THIS FUNCTION RETURNS THE BEST P-NOT VALUE FOR A GIVSEN
OMEGA-NOT. CRITERION TS LEAST SSE.

DO

2031 FUNCTION PNOT (WNQT)
. 06092 COMMON PT, W(3A@), PPRIME (256)
6003 DENSUM = 9,

Puo4 TOPSUM = 4,

3085 DO 109 I=1,102

'y0ag6 WSUM = W(I)/WNOT + WNOT/W(I)
3337 DENSUM DENSUM + 1,/ (WSUM**4)

s

anag 100 TOPSUM = TOPSUM + PPRIME (T)}/ (WSUM*WSUM)
2249 PNOT = PI * WNOT * TOPSU#A/ (4. * DENSUM)

= adlo RETURN

= pall END

T

i
1

39




FORTRAN vaz, 44 Fri 99-Nov-79¢ C3:00:00 PAGE 421

THIS FUNCTION RETURNS A P(I} VALUE FOR A GIVEN W(I)
W(') IN O4MEGA FORM,

OO0

Aye FUNCTTION PCURVE (WNOT, P@,WI)

Y2 COMMON PI

R WSUM = WI/WNOT + WNOT/WI

RV PCURVE = 4, * PU/(PI * WNOT * WSUM * WSUM)

g RETURN '
TREES END

FIRTRAN TV Va2, a4 Fri #9-Nov-79 0@:00:00 PAGE 011

SUBROUTINE FUHCT (VAR,WORK)
DIMENSION WORK (102)
COMMON PI,W(344)
Pl = PNOT (VAR)
DO 164 1=1,102

i WK (1} = SCURVE (VAR,PO,W(I))
RETURN
END

NI | W
P
e e et R =
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guanl

3042
noas
gavs
3995

3237
fco9

CHEN
3612
3A13
ga14
915
AB1a

oa17
2318
Bti1o
2620
0021

9022
0023
0124
3025

325

w27

AOOCOO00000000000:

[eReNe!

OO0

NN ORP Y]

ad

E- e e N

Ty n

fad
A

18Y

V2. 04 Fri 9-Nov-79 00:0(8: 30 PAGE 81
SUBROUTINE FFTFP (XREAL,XIMAG,N,M,1F)

TF=0 FORWARD TRANSFORM
IF=1 INVERSE TRANSFORM

M={ XREAL AND XIMAG RETURNED AS REAL AND IMAG., FOR FORWARD XFORMS

M= " " " " " MAGNITUDE AND PHASE " " "
(PHASE IN DEGREES)

M=2 XREAL RETURNED AS 'PSD'; XIMAG =0,

HERE 'P3D' MEANS SUM OF N VALUES OF XREAL = MEAN SQUARHE OF INPUT

FOR INVERSE TRANSFORM M DEFINITIONS APPLY TO [INPUT DATA
XREAL AND XIMAG RETURNED AS REAL AND IMAGINARY

FOR FORWARD TRANSFORMS XREAL AND XIMAG INPUT AS REAL AND IMATGINARY

DIMENSION XREAL (1),XIMAG (1)
PI=3,1415¢

DTOR=PI/18%,

IF(IF.EQ.9)30 TO 6

MUST PREPARE FOR INVERSE TRANSFORM

IF(M.EQ.9)530 TO 2
IF(M.EQ.2)G0 TO 4

INPUT TS MAGNITUDE AND PHASE

no 1 1=1,N

FMAG=XREAL (I ) /N

XREAL (I ) =FMAG*COS (XTMAG (I ) *DTOR)
XIMAG (1 )=-FMAG*SIN (XIMAG (1) *DTOR)
CONTINUE

GO TO 5

INPUT IS REAL AND IMAGINARY
DO 3 I=i,N

XREAL (I )=XREAL (1)/N

XIMAG (T)=-XIMAG (1) /N
CONTINUE

30 TO 5

INPUT IS 'PSD'
FACT=FLOAT (N) *N

Do 5 I=1,N

XREAL (T )=XREAL (I)/FACT
CONTINYUE

CALL FFTB (XREA".,XTMAG,N)

TF(IF,EQ.1)R .TURN
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FORTRAN IV

44u29
$i31

6032
3334
(18435
3U3h
04837
HN38

039
nu4q¢
“o41
(1142
3043
B Y]
0015

SN NP (oNe!

~

OO0

Va2, By Fri 69-Nov-79 0¢:00:00
TRANSFORM WAS FORWARD

IF(M.EQ.A)RETURN
IF(M.EQ.2)50 TO 8

DESTRE OUYTPUT TN MAGNITUDE AND PHASE

DO 7 1=1,N

XMAG=SQRT (XREAL (T ) *XREAL ([ ) +XIMAG (I )*XIMAG (1))
XIMAG (I )=ATAN2 (XIMAG(T) ,XREAL(1))/DTOR

XREAL (I)=XMAC

CONTINUE

RETURN

DESIRE 'PSC!

FACT=FLOAT (N) *N

Do 9 I=1,N

XREAL (Tj=(XREAL (T)*XREAL (T )+XIMAG (I ) *XIMAG (1)) /FACT
XIMAG (L)=2.

CONTINUE

RETURN

END
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SUBROUTINE FFTB (XREAL, XIMAG, N)
DIMENSION XREAL (N) , XIMAG (N)
NU=LOG2 (M)

N2=N/2

NUl=NU-1

K=9

D0 199 L=1l,Ny

DO 101 I=1,N2

P=IBITR (K/2**Nul,NU)
ARG=$(,283185*P /FLOAT (N)
C=C0S (ARG)

S=S1IN (ARG)

Kl=x+1

KIN2=K1+4N2
TREAL=XREAL(KINZ)*C+XIMAG(K1N2)*S
TIMAG=XIMAG(K1N2)*C—XREAL(K1N2)*S
XREAL (X1N2)=XREAL (K1)~-TREAL
XIVMAG (KIN2)=XIMAG (K1)-TIMAG
XREAL (X1 )=XREAL (X1 )+TREAL
XTMAG (X1)=XIMAG (K1)+TIMAG
K=¥X +]

K=X+N2

IF(X.LT.N)GO TO 122

K=p

NUI=NU1-1

N2=N2 /2

DO 103 K=1,N
I=IBITR(X-1,NJ)+1
IF(T.LE.K)G30 TO 103
TREAL=XREAL (K)
TIMAG=XIMAG (X)
XREAL (X )=XREAL (1)
XIMAG (X )=XIMAG (1)
XREAL {I )=TREAL
XIMAG ([ )=TIMAG

CONTINUE

RETURN

END
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FUNCTION IBITR(J,NU)
J1=3

IBITR=)

DO 204 T=1,Ny

12=31/2

IBITR=IBITR*2+ (J1-2+J2)
J1=72

RETURN

END
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H0nl FUNCPION LOG2 (N)

a2 N1=N

03n2 J=1

1004 LOG2=3

39495 IF(J.EQ.NI)RETURN

0427 [F(J.CT.N1)30 T 2

aag9 J=3 %)

#el1e LOG2=L0G2+]
04211 G0 70 1
pal2 TYPE 19a0,N)

fo13 FORMAT (IX,I5,' 1s NoT A POWER OF 2')
4014 STOP

AG15 END

R T
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G 000: 00

SU3ROUTINE HANN (RIN,N)
NDIMENSION RIN(l),TEMP(25%5)
A=N-1
DG 1 I=
TEMP (I)
CONTINUE
RIN(1)=(RIN(L)FRIN(2))/2
RIN(N}=(RIN(N)+RIN(M)) /2
DO 2 1I=2,M
RIN(T)=TEMP (1)

CONTINYE

RETURN

2, M
(RIN(L[-~1)+RIN({+1))/4+RIN(T)/2

11l

END
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SUBROUTINE HANZ (RIN,N)
DIMENSION RIN (1), TEMP(254)
v=N-1
20 1 I
TEMP (T
CONTINI
RIN(1)={(RIN{L)+RIN(2)+RIN(3))/3
RIN(N)=(RIN(N)+RIN (M) +RIN(M-1)1/3
DO 2 I=2,4

RIN(T)=TEMP([)

CONTINUE

RETURN

END

M
(RIN(T-1)+RIN(TI+1)) /3. +RIN(I1)/3.
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SU3ROUTINE SEARCH (THETA,SSETHE,AMPTHE, IAMP, ALOW,HIGH,ACCTHE,
TACCSE,WORK, STAN,NPTS, IPRINT, IPLOT, XS5IZE, YSIZE, VARNAM, NCHAR,
VARPLT, SSEPLT,NPLTPT)
PURPOSE

DOES A "STAB" SEARCH FOR AN UNKNOWN PARAMETER.
ARGUMENTS

THETA
VALUE OF PARAMETER RETURNED AFTER THE SEARCH.

GSETHE
SSE ASSOCIATED WITH THETA, RETURNED BY PROGRAM.
AMPTHZ

AMPLITUDE RATIO FOUND AND RETURNED. 1IF NO RATIN
CALCULATIONS ARE DESIRED, SET IAMP = 2

TAMP
SEE ABOVE.

ALNDY
USER-GUPPLIED, LOW END OF RANGE IN WHICH THETA TS
EXPECTED TO APPEAR,

HiGH

USER-SUPPLIED. HIGH END OF RANGE FOR THETA.

TF THE 4INIMUM SSE IS FOUND AT EITHER ALOW OR HIGH,
THE PROGRAM WILL EXPAND THE RANGE UNTIL A NON-BJUNDARY
MINIMUM SSE IS FOUND,

ACCTHE
USER-GUPPLIED, THE SEARCH ENDS WHEN EITHER THE
PARAMETER DR ITS SSE HAS BEEN FOUND TO SPECIFIED
PRECISIONS,

WHEN THE DIFFERENCE BETWEEN SUCCESSIVE ESTIMATES OF TiE
PARAMETER TS LESS THAN 0OR EQUAL TC ACCTHE, THE SEARTH
IS STOPPED,

SETTING ACCTHE = 4, RESULTS IN THE COMPUTER SEARCHIANG TC
'E LTMITS OF ITS OWNN ACCURACY.

1ACCSE
WHEN SUCCESSIVE SSE'S AGREE 'O TACCSE !
18 CTOPPED,  MAXTMU4 = 7

WORK
WORK VECTOR. LENGTH = NPT

47
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V02,84 Fri 09-Nov=-79 0:00:00 P

S3TAN

USER-SUPPLIED DATA VECTOR CONTAINING THE POINTS THE
PROGRAM TRIES TO MATCH.

NPTS
NUMABER OF POINTS IN STAN.

TPRINT

UMLESS SET = #, USER GETS PRINTOUT OF INTERMEDIATE
RESULTS OF THE SEARCH.

{PLOT
PLOTTING CONTROL CHARACTER
= ={ NO PLOT
=1 PLOT WITH REGULAR AXES
=2 SEMILOG PLOT (SSE'S ON LOG AX1S)
=3 30TH PLOTS
XSIZE

SIZE JF X-AXIS OF THE OPTIONAL PLOT.

YSIZE
SIZE OF Y-AXIS OF THE OPTIONAL PLOT.

VARNAM
HOLLERITH STRING NAME OF PARAMETER.

TRV T T s

NCHAR
NU4ABER OF CHARATCTERS IN VARNAM,

VARPLT
ARRAY USED FOR PLOTTING, LEMGTH = NPTPLT
JPOM RETURN CONTAINS ALL ESTIMATES OF THE VARIABLE,
DRDERED SMALL TO LARGE,

SSEPLT
ARRAY USED FOR PLOTTING., LENGTH = NPTPLT
UPON RETURN CONTAINS SSE FOR RACH VARTABLE ESTIYMATE

NPTFLT

SIZE SF PLOTTING ARRAYS.

[F THE INITIAL RANGE (HIGH - ALOW) HOLDS THE BEST VALU=

OF THE URKNOWN VARIABLE, THEN THE FOLLOWING FORMULA SiOULD
PROVIDE AN UPPER B0UND ON NPTPLT:

\hhrﬁnmn‘mﬂmhﬁvnh‘ﬂ i ki e iy il uh1||mm|||||“|'unu)(ﬂuluuluulu i it

NPTPLT <= 3 + 2*(LOG (RANGE/ACCTHE))/LOG (2)

THE USER MUST WRITE A SUBROUTINE FUNCT (VAR,WORK) THAT SENERATES
A YECTOR "WORK" OF ESTIMATED DATA POINTS, GIVEN THAT THE UMKANOWN
PARAMETER EQUALS "YAR",

CONAAaaGOaOOONON IO 0O0TOONO000000NH00O0NTIO0N0

w
*Y
pn
ot

SUBROUTINE SEARTCH {THETA,SSETHE ,AMPTHE, 1AMP,ALOW, HIGH ,ACTTHY,
IACCSE ,WORK,STAN,NPTS, IPRINT, IPLOT,X531ZE, YSIZE, VARNAM NOHAR,
+ VARPLT, SSEPLT, NPLTPT)

+
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a2

Saa3

W g

RINALY
RITEA!

s“‘ Y

AL

PHMENGTON VAR (D), S5E (%) ,AMP (5) ,WORK (NPTS) , STAN (NPTS),

! VARPLT (NPLTPT ), SSEPLT (NPLTPT)
LOGTCAL*L ACCHEL (14) ACCSE? (14) , VARNAM (NCUAR)Y ,ALPH (07
“i\'l‘{\ -’\l.l)”,«f. ',.,\‘,'Q','C','D|,.E.,'F','G',‘Hl,'l l’|'v'l!<l

i 'L-.,'\""N',‘{)‘"P.,‘Q‘;“{','SS""“'"U','v‘"\\“,'x|,.Yl|,'fi‘;f
-
TE(TACCSE LGT. 7)) 8TOP "SSE ACCURACY CONWTANT MUST RE <= /!
o
DIFOLD = 0, ! USED IN PRECISION CHECK SECTION
TROUND = 1t MARKS TUE ROUND JUST COMPLETED
NPOINT = 0 P MARKS THE NUMBER OF POINTS ENTERED 1HTO
« THE PLOTTING ARRAYS
LAPOP = Q) POLE CTHE PLOTTING ARRAYS ARE FILLED, Sikaun
¢ SUBRIUTINE SETS THIS RQUAL 1O Y, WHICH IN
¢ TURN CAUSES THE SEARCH TO 10D,
NOYPE - UOINDEX OF THE "ALPH" ARRAY. UGED WHEN ‘T
¢ SEARCH RANGE 189 EXTENDED.,
ADD - (HIGH -« ALDWY * 26
o
N WTUPR INTTEAL VAR(V), VAR(3), AND VAR(S) WITH a8k '
g
VAR (%) = uian
CALL SSETUR (VAR (5), 88E (5) ,AMP (5), TAMP,WORK, STAN, NPTS, 1PLOT,
' NPOINT, VARPLT, SSEPLT, NPLTRT, 1HT0P)
¢
VAR (33 = ALOW 1 5% (HTGH=ALOW)
CALL GSESUB (VAR () ,SHE () ,AMD (3), TAMP, WORK, S'TAN, NPTS, TPLOYT,
| NPOENT, VARPLT, SSEPLT, NPLTPT, I8TOP)
[ AN VAR(T) = VAR(3) - (VAR(%) = VAR(1))
TR (VAR () NE, VAR(1)) S0T0 12% IPRECTSTON CHECK RLOUIRED BRLCAUCN

o RANGE EXTENSTON SENDGS CONTRMI
BACK HERE.,
TOTART = 9
ooTy 434
[ CALL SUeSUB (VAR (1), 88F (V) ,AMP (1), TAMP , WORK, SUTAN , NPTS, IRLOT,
t NPOINT, VARPLT, SSEPLT, NPLTPT, 14700)

(

o

e SETOUP VAR() WITH S8R (2)
e

I VAR(?) = (VAR({3) = VAR(L))*.5 t VAR(1)
CALL SSESUB (VAR (), 586 (), AMP (2), TAMP, WORK, STAN, NPT, 1PLOT,
' NPOINT, VARPLT, SSEPLT, NPLTPT, 1STOP)

T EUTHER OF SSE (1) OR SSE(2) 18 THE MINIMUM, THEN THERK 15 N
NEED TO FIND SGE(d) . TF SSE (1) 1S MIN, EXPEND THE RANGE DOWNWARD,
TF S5k (7)) T8 MIN, GO ON 10 PRECISTON CHECKS BEFORE DOING ANOTHER
ROUNDY,  YTHERWISE, COMPUTE VALUES FOR VAR(1).

I T T T N
a 4 e s s .

TEC(ESEE L) WGy S8R ()) JOR. (SSE (1) W67, 88k (33) JOR.
i (S8R (1) LGT. SSE(%))) tora hop

TP (IPRINT LRQ. ) a0oT0 /70

PRINT 190, TROUND,ALPH (NOTR) , VAR, S8E

= - = e R e, = - - o

E
=]

]

R 8 O e
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9933 159 FORMAT (' ROUND',I3,A1 / ' VARIABLE:' 5315.% / ' $QE:'S5X, “316.0)
fal NOTE = NOVE + 1

Pu32 TTNOTE LEQ. 28) NOTE = 27
W34 L CLOSE (9)
JU3s 170 IF(ISTOP .NE. @) GOTO ~59Y
C RESET ARRAYS AND DO ANOTHER ROUND:
LRI CALL KESET (VAR,!,3,4,5%)
. I8 CALL RESET(SS5E,1,3,4,5)
a0139 CALL RESET (AMP,1,1,4,5)
BRI aoT 180
; C
dydl o 200 IF((3SE(2) JGT. SSE(3)) OR, {SSE(2) GT. SSE(5))) 3070 34
Cc HERE IT IS KNOWN 'PHAT VAR(2) [S THE BEST VALUE S0 FAR
4143 [START = 1
gaaa GOTO 424
C
C SET UP VAR({4d) WITH SSE (4)
C
1045 3¢y VAR (4) = (VAR(S) -~ VAR(3))*.5 + VAR(3)
146 CALL SSESUB(VAR(4),SSE (1) ,AMP{4),TAMP,WORK, STAN, NPTS, TPLOT,
+ NPOINT, VARPLT, SSEPLT,NPLTPT, 1STOP)
Cc
C AS ABOVE, SEE IF THE ENDPOINT OF THE SEARCH TNTERVAL (HERE, VAR ")}
C YIELDS A BOUNDARY MIN SSE, IF 50, RESET THE VARTABLES S0 THAT
cC THE RANGE IS EXTENDED UPWARDS., OTHERWISE, FIMD THE STARTING POINC
C FOR THE NEXT ROUND, AND GO TO PRECISION CHECK GECTION,
~
ATER IF( (SSE(5) .GT. SSE(3)) «ORe (SSE(5) .GT. SSE(4)) ) GHTO 4'd
3049 IF(IPRINT EQ, €) 50T0D 350
1351 PRINT 158, TROUND,ALPH (NOTE), VAR, SSE
3152 NOTE = NCOTE + 1
3453 [F(NOTE .EQ., 23) NOTE = 27
0955 CALL CLOSE (5)
AP35 359 IF(ISTOP .NE, #) GOTOD 558
058 CALL RESET(VAR,23,1,2,3)
3059 CALL RESET(9SE,3,1,2,3)
SR CALL RESET (AMP,3,1,2,13)
INES! VAR(5) = VAR(3) + (VAR(3) - VAR(Q1))
0Es2 IF(VAR(%) .NE. VAR(3)) S30TO 1375
1054 TSTART = 2
IRTARCRSY SOTO 4234

3055 375 CALL SSESUB (VAR(5),SSE(5),AMP(5),IAMP,WORK, STAN,NPTS, TPLOT,
t NPOINT, VARPLT, SSEPLT,NPLTPT, [STOP)
ALY GITO 391

C
MI68 46 [START = 2

L1659 IF(5GE(M) JLE. SSE(3)}) ISTART = 3

S071 0 A9 IF(IPRINT .EQ. 0} HOTO 432

JU73 PRINT 148, TROUND,ALPH (NOTE) ,VAR, SSE

aul4 CALL CLOZE(S)
c
C PRECT 10N TuRCKS
C
C FIRET: [F THE DIFFERENCE BETWEEN SUCCESIVE LBUTIMATERS 1 JHL

51
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UNKNOWN VARIABLE IS LESS THAN OR EQUAL TO "ACCTHE"
(USER~GUPPLIED CONSTANT) THEN EXIT,

THE DIFFERENCE MAY NEVER BE LESS THAN ACCTHE BECAUSE OF
ROUNDING, IN THIS CASE DIFF REMAINS CONSTANT OVER ROUNDS.
DIFOLD IS A CHECK ON THIS.

DIFF = VAR(2) - VAR(Ll)
IF(DIFF .GT. ACCTHE) GOTO 432
PRINT 431 ,ACCTHE

FORMAT ('0 ***** SEARCH STOPPED DIFFERENCE BETWEEN ESTIMATES <='

+ G15.5)

GOTO 704

IF(DIFF .NE. DIFOLD) 30TO 44a

PRINT 435, VARNAM
FORMAT (' *****SEARCH STOPPED**&*x !/

+ ' DOUBLE PRECISION REQUIRED FOR FURTHER REFINEMENTS OF',
+ ' ESTIMATES OF ',30Al1)
50T0 700

SECOND: IF THE S5E'S AGREE TO A USER-SUPPLIED NUMBER OF
D1GITS (IACCSE) THEN EXIT.

DIFOLD = DIFF
ENCODE (14,450 ,ACCSE1(1))SSE (ISTART)
FORMAT (1PE14.7)
DD 558 T=(ISTART+1), (ISTART+2)
ENCODE (14,459 ,ACCSE2 (1) )SSE (1)
DO 569 J=12,14
IF(ACCSE1 (1) .NE. ACCSE2(J)) GOTO 609
CONTTNUE
DO 558 =2, (TACCSE + 2)
IF(ACCSE1(T) JNE. ACCSE2(7)) GOTO /09
CONTINUE
PRINT 575, [ACCSE

FORMAT (' ***** SEARCH STOPPED SUM OF SQUARED ERRORS MATCH T0',

+ 12 ' DIGITS.'")
GQTO 7649

RET UL ARRAYS FOR THE NEXT ROUND
[F(ISTOP NE. ) SOTO 654

TALL RESET (YAR, ISTART, 1,3,5)
TALL RESET (3SE, ISTART,1,3,5)
CALL RESET (AMP, ISTART,1,3.5)
[ROUND = IRNUND + 1

NOTE = 1

aOT0 159

DRINT*, 1 ***%kkx SEARCH STOPPED PLOTTING ARRAYS FILLED ***%x!
THETA = VAR (TSTARTH1)

S3ETHE SSE ([ STARTH1)

AMPPHE AMP (T STARTH+Y)

i

IF(IPLOT (EQ. G) RETURN

52




FORTRAN [V Va2, 34 Fri 09-Nov~79 6@: ¢0: 30 PAGE 006
c
s ORDER ‘THE VARIABLE ESTIMATES SO THAT A LINE CAN BE DRAWN BETWEEN
c DATA POINTS ON THE GRAPH, SHOWING BEHAVIOR OF SSE's.
C
0115 8806 FORMAT ('l')
0117 DO 92@ I=1, (NPOINT - 1)
1118 MIN = I
9119 DO 85@ J=I,NPOINT
A28 IF(VARPLT (J) JLT. VARPLT(MIN)) MIN = J
#2122 854 CONTINUE
3123 S1 = VARPLT(I)
‘v124 VARPLT (L) = VARPLT (MIN)
1125 VARPLT (MIN) = S1
4124 51 = SSEPLT(I)
SSEPLT(I) = SSEPLT (MIN)
909 SSEPLT (MIN) = S1
c
IF(IPLOT .EQ. 2) GOTO 950
C
PRINT 800
C REGYLAR PLOT OF SSE VS VARIABLE ESTIMATES.
CALL DOPLOT (XSIZE,YSIZE,VARPLT, SSEPLT, NPOINT, VARNAM, NCHAR, '3SE ",
+ 3,0,'.',1,1)
c
[F(IPLOT .EQ. 1) RETURN
o .
954 PRINT 830
c SEMILOG PLOT OF SSE VS VARIABLE ESTIMATES.,
CALL PLTLGY (XSTZE, YSTZE, VARPLT,SSEPLT, NPOINT, VARNAM, NCHAR, 'SSE!,
+ 3,0,'.',1)
RETURN
END
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SUBROUTINE SSESUB

PURPOSE

PAGE #01

CALLED BY SEARCH TO FIND AMPLITUDE RATLO (AMP) AND SSE FOR A
GIVEN VALUE OF THE UNKNOWN PARAMETER (VAR)

SUBROUTINE SSESUB (VAR,SSE,AMP, IAMP,WORK, STAN,NPTS, IPLOT,

NPOINT, VARPLT, SSEPLT, NPLTPT, ISTOP)

DIMENSION WGORK (NPTS) ,STAN (NPTS) ,VARPLT (NPLTPT) ,SSEPLT (NPLTPT)

CALL FUNCT (VAR,WORK)

A= 1.

IF(IAMP .EQ. ©.,) GOTO 200

FIND AMPLITUDE RATIO

SUMSQ = 4.,

SUMX = 0,

DO 106 1=1,NPTS
SUMX = SUMX + STAN (I)*WORK(I)
SUMSQ = SUMSQ + WORK(I)*WORK(I)

AMP = SUMX/SUMSQ

A = AMP

FIND SSE

SS5E = 9,

DO 308 I=1,NPTS
ERROR = STAN(I) -~ A*WORK(IL)
SSE = SSE + ERROR**2

FILL PLOTTING ARRAYS IF NECESSARY

TF(I{PLOT .EQ. #) RETURN

NPOINT = NPOINT + 1

VARPLT (NPOINT) = VAR

SSEPLT (NPOINT) = SSE

TF(NPOINT ,GE. (NPLTPT - 1) ) ISTOP
IF ISTOP = 1, ARRAYS ARE FILLED AND

RETURN
END

54
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E C
- C SUBROUTINE RESET
] C
- C PURPOSE
- C CALLED BY SEARCH TO REASSIGN ELEMENTS OF ARRAYS,
= c
4001 SUBROUTINE RESET(A,I,J,K,L)
, duo2 DIMENSION A(S)
3993 X = (1)
2304 Y = A(T+1)
anss Z = A(I+2)
i agan A(J) = X
0eo7 A(K) = v
#4328 A(L) = 7
6539 RETURN
0310 FND




